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METHOD FOR OBTAINING A SINGULAR CELL MODEL CAPABLE OF REPRODUCING 
IN VITRO THE METABOLIC IDIOSYNCRASY 
OF HUMANS 

5 FIELD OF THE INVENTION 

The invention relates to obtaining a singular cell model capable of reproducing in 
vitro the metabolic idiosyncrasy of humans by expression vectors that encode for the sense 
and anti-sense mRNA of the enzymes of the drug biotransformation Phases I and II 
showing greatest variability in humans. This approach, based in the use of viral expression 

10 vectors, allows also to confer to any cell type (tumoral or not), of any tisular origin, the ability 

to express Phase I and/or Phase II biotransformation enzymes with activity against 
xenobiotics. When the mentioned biotransformation enzymes are CYP enzymes, it is 
necessary that, in addition, cells to be transfected show or express enough cytochrome 
P450 reductase activity. In general, cytochrome reductase expression levels in most 

15 primary cells are sufficient to allow a suitable enzymatic activity in cells transformed with the 

vectors herein described. However, if a cell line to be transformed by the inclusion of any 
sequence coding for a CYP enzyme does not show enough reductase activity, it can be co- 
infected simoultaneously with two adenoviral vectors, the first one carrying the CYP 
sequence of interest, and the second one carrying the sequence of a CYP reductase, so 

20 that said cell line could be able to express both enzymes. An alternative to the latter is to 

include both genes in the same adenoviral construct in order to infect the cells with both 
genes at the same time. 

BACKGROUND OF THE INVENTION 

25 Drug metabolism, the leading cause of the variability of clinical responses in humans 

It is known that drug metabolism is the leading cause of the variability of clinical 
responses in humans. Drugs, in addition to exerting a pharmacological action on a given 
target tissue, undergo chemical transformations during their transit through the organism 
(absorption, distribution and excretion). This process is known as drug metabolism or 

30 biotransformation, and can take place in all organs or tissues with which the drug is in 

contact. The process is catalysed by a group of enzymes generically known as drug 
metabolisation or biotransformation enzymes, mainly present in the microsomal and/or 
cytosolic cell fractions, and to a lesser extent in the extracellular space, which include 
various oxygenases, oxidases, hydrolases and conjugation enzymes (Garattini 1994). In 

35 this context, the liver is the most relevant organ, and monooxygenases dependent on the 

P450 (CYP450) cytochrome together with flavin-monooxygenases, cytochrome C 
reductase, UDP-glucoronyl transferase and glutation transferase are the enzymes most 
directly involved (Watkins 1990). The intestine, lungs, skin and kidney follow in importance 
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as regards their ability to metabolise xenobiotics (Krishna 1994). These biotransformation 
processes can also be performed by the saprophytic microorganisms colonising the 
intestinal tract. 

The phenomenon of biotransformation is crucial in the context of drug bioavailability, 
5 variability of pharmacological response and toxicity, and understanding it is vital for an 

improved medicament use and development. In fact, biotransformation is the most variable 
stage and that which affects most the plasma drug levels after administration to various 
individuals. The rate at which a drug is biotransformed and the number and abundance of 
the various metabolites formed (metabolic profile) can vary greatly among individuals, 

10 explaining that for some a given drug dose can be therapeutically effective, as it generates 

adequate plasma levels, while for others it is ineffective as a faster metabolisation does not 
allow obtaining the therapeutic plasma concentration. The situation is even more serious in 
individuals lacking one of the enzymes involved in the drug metabolism, who attain plasma 
levels much higher than the expected levels after a dose that is tolerated well by the rest of 

1 5 the population (Meyer 1 997). 

Biotransformation enzymes present qeno/phenotypic variability 

The great variability in drug and xenobiotic metabolism among human population 
groups/individuals has been confirmed numerous times (Shimada et al 1994). Two factors 

20 are mainly responsible for these differences: the inducibility of biotransformation enzymes 

by xenobiotics and the existence of gene polymorphisms. 

Indeed, one of the characteristics of biotransformation enzymes is that they can be 
induced by xenobiotics, so that exposure to these compounds results in a greater 
expression of the enzymes. Agents such as drugs, environmental pollutants, food additives, 

25 tobacco or alcohol act as enzyme inducers (Pelkonen et al 1998). A "classical" definition of 

induction involves synthesis de novo of the enzyme as a result of an increased transcription 
of the corresponding gene, as a response to an appropriate stimulus. However, in studies 
on xenobiotic metabolism this term is often used in a wider sense to describe an increase in 
the amount and/or activity of the enzyme due to the action of chemical agents, regardless of 

30 the mechanism causing it (such as increased transcription, stabilisation of mRNA, increased 

translation or stabilisation of the enzyme) (Lin and Lu 1998). The phenomenon of induction 
is not exclusive of the CYP and also affects conjugation enzymes. However, the induction 
processes that have been studied in greater depth are those affecting the CYP and the 
inducers are classified according to the CYP isoenzymes on which they can act (Pelkonen 

35 et al 1998, Lin and Lu 1998). 

However, not all of these differences in the biotransformation activity can be 
attributed to the action of inducers. It has been verified that genetic factors, specifically gene 
polymorphisms, are also involved in this variability (Smith et al 1998). CYP isoenzymes 
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(CYP1A1/2, 2A6, 2C9, 2C19, 2D6, 2E1) and conjugation enzymes (N-acetyltransferase and 
glutation S-transferase) are polymorphically expressed (Blum 1991, Miller et al 1997). 

The gene polymorphism of P450, together with phenotypic variability, is the leading 
cause for interindividual differences in drug metabolism. This is due to the existence of 
genetic changes as a consequence of mutations, deletions and/or amplifications. Typically, 
there are two situations (Meyer y Zanger 1997): (i) subjects with defective genes (mutated, 
incomplete, inexistent, etc.) because of which they metabolise the drug poorly (slow 
metabolisers); and (ii) individuals with duplicated or amplified functional genes which thus 
show a greater metabolisation capacity (ultrafast metabolisers). 

The most widely studied polymorphisms are those of debrisoquine/sparteine 
hydroxylase (CYP2D6) (Skoda 1988; Kimura et al. 1989; Heim y Meyer 1992), and S- 
mefenitoine hydrosylase (CYP2C19) (Wrighton et al. 1993; De Morais 1994; Goldstein et al 
1994), which respectively affect over 7% and 5% of the Caucasian population, and which 
can produce significant alterations in the metabolisation of over 30 commonly-used drugs. 

Clinical relevance of metabolic variability and idiosyncrasy 

Drug metabolism by hepatic enzymes must be understood as a set of reactions in 
which various enzymes compete for a same substrate, the drug. The affinity of the drug for 
each enzyme (K M ) and the kinetic characteristics of the reaction catalysed by it (Vmax) will 
determine the importance of the reaction in the overall context of the drug metabolism. 
Thus, two extreme situations may exist a) the compound is a substrate for various 
enzymes, yet originates basically one metabolite, or b) several enzymes are involved in its 
metabolism, resulting in various metabolites being produced. 

In the first case, a different expression of the enzymes involved in the metabolism of 
a drug results in differences in its rate of metabolisation, and thus in its pharmacokinetics. 
This phenomenon can result on one hand in a deficient drug metabolisation, with the 
ensuing accumulation of the compound in the organism, abnormally high plasma levels and, 
on the other hand, in a metabolisation so accelerated that it is impossible to attain suitable 
therapeutic levels and the desired pharmacological effect. 

In the second case, the metabolic profile of the drug will be clearly different; this is, 
the amount and relative proportion of the metabolites produced would be different. This can 
translate into a lower pharmacological effectiveness if the metabolite, and not the 
compound administered, is pharmacologically active, or in the case of producing abnormal 
amounts of a more toxic metabolite responsible for adverse effects. 

The geno-phenotypic variability of CYP, in addition to being directly responsible for 
the pharmacokinetic differences (bioavailability, half-life, rate and extent of metabolisation, 
metabolic profile) and indirectly responsible for . the pharmacodynamic differences 
(therapeutic ineffectiveness / exaggerated response, undesired effects) (Miller et al 1997, 
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Smith et al 1998), lies at the root of idiosyncratic toxicity (Pain 1995). Oftentimes, during its 
metabolism the drug can give rise to another metabolite more toxic to the cell, or be 
converted into a more reactive chemical species that can interact with other biomolecules 
(bioactivation). This type of reactions, a relative exception for a substantial part of the 
5 population, can have a considerable importance in other individuals with singular 

expression levels of the various CYP's (Meyer 1992). 

Models used to predict effects due to changes in CYP expression 

The availability of in vitro systems that can faithfully reproduce the in vivo 

10 metabolism of drugs is one of the goals pursued by various research groups. The research 

group of the inventors has developed cultivation of human hepatocytes and their use in 
pharmaco-toxicologic studies (Bort et al 1996, Castell et aL 1997, Gomez-Lechon et al 
1997). However, in these models it is only possible to affect the expression of 
biotransformation enzymes to a limited extent. For example, using enzymatic inducers it is 

15 possible to increase the expression levels of CYP's (Donate et al. 1995, Guillen et al. 1998, 

Li 1997). However, even using specific inducers such as methyl cholantrene, phenobarbital 
or rifampicine it is not possible to selectively modify one of them without affecting the others. 

Another possible alternative is the use of genetically modified cell lines to 
overexpress one of the human CYPs (Bort et al. 1999a). While these lines are a useful tool 

20 in determining whether a specific enzyme is involved in the formation of a given compound, 

they do not allow discovering the extent to which differences in expression of a 
biotransformation enzyme affect a drug's metabolic profile and rate of a metabolisation by 
hepatocytes. 

25 Possible strategies for the at-will modulation of the expression of Cytochrome P450 (CYP 

450) in hepatocytes 

The ideal model would be one allowing to modulate in a simple manner the 
individualised expression of an enzyme without affecting the others. In the case of 
induction, there are several experimental strategies that could be applied, based on the use 
30 of expression vectors with a promoter that can be activated by a specific exogenous 

compound in a concentration-dependent manner. In this way, depending on the activator 
concentration there will be a greater or lesser expression of the heterologous gene cloned 
"in phase" after the promoter. Among the various systems used, the following may be 
remarked: 

35 a) the system based on operon Tn10a (Tet-on and Tet-off) (Gossen et al 1992, 

1995; Resnitzky et al 1994) which requires a stable double transfection of the cells. There 
are two variants: Tet-on and Tet-off. In the "Tet-on" system the cells are initially transfected 
with the "pTet-on" vector (resistance to G418), which allows a constitutional expression of 
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the tTA hybrid protein, which is incapable of binding to the TRE-CMV promoter unless it has 
been previously joined to tetracycline. The second stable transfection is made with the 
pTRE vector (resistance to hygromycin) which contains an expression cassette with the 
TRE-CMV promoter. The ectopic gene is cloned in this vector. In the absence of 

5 tetracycline there is no expression of the ectopic gene. When tetracycline is added, and in a 

dose-dependent manner, it binds to the tTA protein allowing it to bind to the TRE-CMV 
promoter and thus allowing the expression of the protein. On its part, the 'Tef-o/T system 
consists of a first stable transfection with pTet-off (resistance to G418), which allows a 
constitutional expression of the tTA hybrid protein. This protein can bind to the TRE-CMV 

10 promoter, inducing expression of the "in-phase" protein. When it joins tetracycline it loses 

this capacity. The second stable transfection is made with the pTRE vector, which contains 
an expression cassette with the TRE-CMV promoter, in which the ectopic gene is cloned. In 
the absence of tetracycline a constitutional and high expression of the ectopic gene is 
obtained. When tetracycline is added, and in a dose-dependent manner, it binds to the tTA 

15 protein preventing its union to the promote and thus stopping the expression; 

b) the GRE-ecdysone system (No et al 1996): this system also requires a double 
stable transfection of the cells. The first one uses the pVgRXR vector (resistance to zeocin) 
that constitutionally expresses the hybrid protein VgRXR. This protein cannot bind to the 
promoter regulated by glucocorticoids 5xE/GRE Pqhsp unless ecdysone has been 

20 previously bonded. A second transfection with pIND (resistance to G418) is used to 

introduce the ectopic gene in an expression cassette with the promoter 5xE/GRE Pdhsp. In 
the absence of ecdysone there is no expression of the ectopic gene. When ecdysone is 
added, in a dose-dependent manner, it binds to the VgRXR protein, allowing union to the 
5xE/GRE P dH sp promoter and thus the expression of the protein; and 

25 c) systems based on the metallothionein promoter (Stuart et al. 1984). The 

metallothionein promoter presents a capacity to regulate the expression of the gene located 
"in phase" as a function of the doses of Zn 2+ and other heavy metals. In the absence of Zn 2 * 
there is no expression of the ectopic gene. When Zn 2+ is added the gene expression 
increases in a dose-dependent manner. 

30 There are several problems associated to the use of these expression vectors. 

Firstly, they are not strictly dose-dependent, and often behave in an all-or-nothing fashion, 
or are not fully blockable. In addition, in the case of Tet on/Tet off and Ecdysone two stable 
transfections are required, which in view of the extraordinary resistance of hepatocytes to 
transfections makes successful results highly unlikely. Because of this, nowadays there are 

35 no efficient cell models that can reproduce human variability of drug metabolism in vitro. 

Thus, one aspect of this invention relates to a method for obtaining a singular cell 
model that can reproduce the metabolic idiosyncrasy of humans in vitro. This method is 
based on the use of expression vectors that code for the sense and anti-sense mRNA of the 
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enzymes of drug biotransformation Phases I and II. These expression vectors preferably 
contain ectopic DNA sequences that code for the sense and anti-sense mRNA of drug 
biotransformation Phases I and II that present a greatest variability in humans. 

The method disclosed in this invention allows modulating or modifying (increasing or 
5 diminishing) the individualised expression of an enzyme in a simple manner without 

affecting other enzymes. A singular cell model such as the one taught by this invention can 
be used in drug development studies, specifically in the study of drug metabolism, potential 
idiosyncratic hepatotoxicity, medicament interactions, etc. 

In another aspect, the invention relates to a kit comprising one or more expression 
10 vectors that code for the sense and anti-sense mRNA of the enzymes of drug 

biotransformation Phases I and II. This kit can be used to carry out the method for obtaining 
a singular cell mode capable of reproducing in vitro the metabolic idiosyncrasy of humans 
provided by this invention. 

1 5 BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 illustrates the blocking of the expression of HNF4 by anti-sense RNA and 
repression of CYP2E1. 

Figure 2 is a bar chart showing the mRNA increase in HepG2l cells infected with 
different clones of the recombinant adenovirus identified as Ad-2E1. 
20 Figure 3 is a graph showing the increased activity in HepG2l cells infected with 

various concentrations of the recombinant adenovirus identified as Ad-3A4 and incubated 
with testosterone. 

DESCRIPTION OF THE INVENTION 

25 In one aspect, the invention provides a method for obtaining a singular cell model 

capable of reproducing in vitro the metabolic idiosyncrasy of humans, wherein said model 
comprises a set of expression vectors that confer to the transformed cells a phenotypic 
profile of drug biotransformation enzymes designed at will, in order to reproduce the 
metabolic idiosyncrasy of humans, comprising: 

30 

a) Transforming cells expressing reductase activity with a set of expression vectors 
comprising ectopic DNA sequences that code for drug biotransformation enzymes 
selected from among Phase I drug biotransformation enzymes and Phase II drug 
biotransformation enzymes, 

35 

wherein each expression vector comprises an ectopic DNA sequence that codes for 
a different Phase I or Phase II drug biotransformation enzyme selected from: 
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(i) A DNA sequence transcribed in the sense mRNA of a Phase I or Phase II 
drug biotransformation enzyme (sense vector) and 

(ii) a DNA sequence transcribed in the anti-sense mRNA of a Phase I or Phase 
5 II drug biotransformation enzyme (anti-sense vector); 

wherein the expression of said ectopic DNA sequences in the cells transformed with 
said expression vectors confers to the transformed cells certain phenotypic profiles 
of the Phase I or Phase II drug biotransformation enzymes, 

10 

to obtain with said expression vectors cells that transitorily express said ectopic DNA 
sequences and present a different phenotypic profile of Phase I or Phase II drug 
biotransformation enzymes; 

b) building a singular cell model capable of reproducing in vitro the metabolic 
idiosyncrasy of humans from said transformed cells transformed with said set of 
expression vectors, both sense vectors and anti-sense vectors, so that the result is 
the expression of any phenotypic profile of Phase I or Phase II drug 
biotransformation enzyme desired. 

According to the method provided by the invention, cells that express reductase 
activity are transformed using a set of expression vectors. The existence of this reductase 
activity, CYP-reductase, in the cells to be transformed is essential, as it is not present or is 
insufficient the CYP protein contained in the expression vector will be expressed, but 
although it is active it will not be able to participate in the drug oxidation reactions. 

The NADPH-cytochrome P450 reductase activity can be easily measured in the cells 
by an assay comprising, for example, cultivating the cells in 3.5 cm plates and using them 
when they reach 80% confluence. The cells are detached from the plates with the aid of a 
spatula in 1 ml of 20 mM phosphate buffer solution (PBS, pH 7,4), they are sonicated for 
10-20 seconds and the homogenised obtained is centrifugedat 9,000g for 20 minutes at 
4°C. The supernatant (S-9 fraction) is used to evaluate the enzymatic activity. For this a 50 
jig aliquot of the S-9 fraction protein is taken and incubated in 1 ml of 0.1 M potassium 
phosphate buffer (pH 7,2) containing 0.1 \xM EDTA, 50 juM potassium cyanide, 0.05 p.M 
cytochrome c and 0.1 p,M NADPH. The reduction rate of the cytochrome c is determined by 
a spectrophotometer at 550 nm. The enzymatic activity is calculated using the molar 
extinction coefficient of 20 x 10 3 M x cm" 1 , and the results are expressed as nmol of 
cytochrome c reduced per minute and per mg of cell protein. 

Practically any cell expressing reductase activity can be used to carry out the 
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method of the invention, such as a human or animal cell, including tumour cells. Preferably, 
said cell is a human cell selected from among cells of hepatic, epithelial, endothelial and 
gastrointestinal type CaCO-2 origin. In a specific embodiment, this human cell is a 
hepatocyte or a HepG2I cell. In another specific embodiment, the cell expressing reductase 
5 activity is a human or animal cell, including tumour cells which, lacking the Phase I or Phase 

II drug biotransformation enzyme, is infected with a combination of one or more of the 
expression vectors of the invention, containing each of these in a certain concentration so 
that a cell is generated with a metabolic capability similar, for example, to that of a 
hepatocyte, with a normal or singular phenotype. 

10 The expression vectors used to transform these cells expressing reductase activity, 

hereinafter referred to as the expression vectors of the invention, comprise the ectopic DNA 
sequences coding for drug biotransformation enzymes selected from among the previously 
defined Phase I drug biotransformation enzymes and Phase II drug biotransformation 
enzyme. Illustrative examples of Phase I and Phase II drug biotransformation enzyme 

15 include various oxygenases, oxydases, hydrolases and conjugation enzymes, among which 

the monooxygenases dependent on CYP450, flavin-monooxygenases, sulfo-transferases, 
cytochrome C reductase, UDP-glucoronyl transferase, epoxide hydrolase and glutation 
transferase are enzymes greatly involved in drug biotransformation. 

In general, each expression vector of the invention comprises an ectopic DNA 

20 sequence that codes for a different Phase I or Phase II drug biotransformation enzyme, 

selected from among the above-defined sequences (i) (sense) and (ii) (anti-sense). 
Any ectopic DNA sequence coding for a Phase I or Phase II drug biotransformation enzyme 
can be used to build the expression vectors of the invention. However, in a specific 
embodiment the ectopic DNA sequence coding for a Phase I or Phase II drug 

25 biotransformation enzyme is selected from the group formed by the DNA sequences 

transcribed in the sense mRNA or anti-sense mRNA of CYP450 isoenzymes, such as CYP 
1A1, CYP 1A2, CYP 2A6, CYP 2B6, CYP 2C8, CYP 2C9, CYP 2C18, CYP 2C19, CYP 
2D6, CYP 2E1, CYP 3A4, CYP 3A5 or GST(A1), and DNA sequences transcribed in the 
sense mRNA or anti-sense mRNA of enzymes such as oxygenases, oxydases, hydrolases 

30 and conjugation enzymes involved in drug biotransformation, such as DNA sequences 

transcribed in the sense mRNA or anti-sense mRNA of flavin-monooxygenases, sulfo- 
transferases, cytochrome C reductase, UDP-glucoronyl transferase, epoxide hydrolase or 
glutation transferase. The expression of these ectopic DNA sequences in the cells 
transformed with the expression vectors of the invention confers to said cells certain 

35 phenotypic profiles of Phase I or Phase li drug biotransformation enzymes. 

In a specific embodiment, said ectopic DNA sequence coding for a Phase I or Phase 
II drug biotransformation enzyme is a DNA sequence transcribed in the sense mRNA of a 
Phase I or Phase II drug biotransformation enzyme. 
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In another specific embodiment, said DNA sequence coding for a Phase I or Phase 
II drug biotransformation enzyme is a DNA sequence transcribed in the anti-sense mRNA of 
a Phase I or Phase II drug biotransformation enzyme. 

The gene expression regulation strategy using anti-sense technology mainly 
consists of inserting in a cell an RNA molecule or an oligodeoxynucleotide whose sequence 
is complementary to that of a native mRNA that one desires to block. The specific and 
selective bonding of these molecules prevents translation of the messenger and synthesis 
of the corresponding protein (Melton 1985, Stein and Cheng 1993, Branch 1998). The final 
result is the targeted inactivation of the expression of a selected gene. The success of this 
strategy depends on various factors that are technically difficult to achieve, such as having 
an efficient system to insert the anti-sense molecule in the cell interior, said molecule 
interacting specifically with the target mRNA and not with other mRNA's, and that it is 
resistant to cell degradation systems. The two most commonly used procedures involve the 
use of an expression vector that includes a cloned cDNA in an inverse position (Melton 
1995); when this vector is transfected to the cell interior it expresses a non codifying RNA or 
RNA fragment (without sense) that will associate by specific base pairing with its 
complementary native mRNA, or instead the use of oligo phosphothiolates that are 
oligodeoxynucleotides modified to make them resistant to intracellular degradation (Stein 
and Cheng 1993). It entry in the cell interior is solved by endocytosis or picnocytosis. The 
specific union to the target mRNA is harder to predict, so that the ideal oligo to block a 
specific mRNA can only be empirically determined [the success of this methodology has 
been greatly limited by the very low efficiency of the usual transfection procedures (10%)]. 

In a specific embodiment of the method provided by the present invention, 
recombinant adenoviruses have been built that can be used as carriers of a cDNA cloned 
with an inverted orientation as a source of antisense mRNA inside the cell. As the 
transfection efficiency is very high, about 100%, the "antisense" molecule is expressed in a 
very efficient manner in almost all target cells. The simplicity of the infection process in 
hepatocytes, which on another hand are very resistant to classical transfection techniques, 
makes this the model of choice. The viability of the proposed strategy is backed by recent 
results obtained by the inventors developing an adenovirus that codes for the anti-sense 
mRNA of the hepatic transcription factor HNF4. Transfection of human hepatocytes with this 
anti-sense adenovirus translates into the complete disappearance of the transcription factor 
HNF4 after 72 hours, as shown by the western-blot analysis. The protein most homologous 
to HNF4 is another transcription factor of the same family known as RXRa. This protein 
does not undergo changes, thereby showing that the anti-sense blocking is completely 
specific. The targeted inactivation of this transcription factor led to the loss of expression of 
certain CYP's, specifically CYP2E1. 

Almost any system for transferring DNA exogenous to a cell can be used to build the 
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expression vectors of the invention. In a specific embodiment, the expression vector of the 
invention is selected from among a viral vector, a liposome or a micellar vehicle, such as a 
liposome or micellar vehicle useful for gene therapy. In general, any virus or viral vector 
capable of infecting the cells used to put in practice the method of this invention can be 
used to build the expression vector of the invention. Advantageously, expression vectors 
will be chosen that can express transgenes in a highly efficient and quick manner in the 
transformed cells. In a specific embodiment, this virus is a natural or recombinant 
adenovirus, or a variant of it, such as a type 5 subgroup C adenovirus . 

The adenovirus is a non-oncogenic virus of the Mastadenoviridae genus, whose 
genetic information consists of a double linear DNA chain of 36 kilobases (kb) divided into 
100 mu (map units; 1 mu=360 pb). Information on its replicative cycle has been provided by 
Greber 1993, Ginsberg 1984 and Grand 1987. 

The adenovirus easily infects many cell types, including hepatocytes, so that they 
are a useful tool for transfecting exogenous genes to mammal ceils. Specifically, the 
adenovirus is an excellent expression vector that has the additional advantage of showing a 
very high efficiency for hepatocyte transfection (equal to or greater than 95%). Additionally, 
the expression degree is proportional to the infective viral load and, finally, the transgene 
expression does not affect the expression of other hepatic genes (Castell et al. 1998). 

Introduction of ectopic genes in the DNA of an adenovirus is limited by two facts: (i) 
the virus cannot encapsulate more than 38 kb (Jones 1978 and Ghosh Choudhury 1987); 
and (ii) its large size hinder cloning as unique restriction points are infrequent. To solve 
these problems, several strategies have been employed, the most widely used of which is 
that developed by McGrory et al. 1988 or homologous recombination. In short, the 
procedure essentially consists of using two plasmids, pJM17 and pACCMV, which contain a 
homologous fragment of the incomplete adenovirus sequence. Its homologous nature 
allows the recombination of the two plasmids, resulting in a defective (non replicative) virus 
in whose genome is the gene that must be expressed. Piasmid pJM17, developed by 
McGrory et al. 1988, is a large piasmid (40.3 kb) that contains the complete circularized 
genome of the type 5 adenovirus dl309 (Jones 1978) which has the piasmid pBRX (on, 
amp r and tet) in its locus Xbal in 3.7 mu. Although pJM17 contains all the necessary 
information for generating infective viruses, its size exceeds the encapsulation size so that it 
cannot generate new virions, in order for the adenovirus generated after recombination to 
be capable of reproducing, co-transfection is performed in the human embryonic cell line of 
renal origin 293 (ATCC CRL 1573) that expresses the region E1A of the type 5 adenovirus 
(Graham 1977). In this way, the supply of the protein E1A, a transcription factor acting in 
trans, by the host cell allows multiplying the recombinant virus inside it. It must be remarked 
that for its replication in the line 293 the recombinant virus also needs certain subregions of 
E1 in cys. These are the subregion lying between 0 and 1.3 mu, and that between 9.7 mu 
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and the end of E1. Between 0 and 0.28 mu is the ITR {internal terminal repeats) with the 
replication origin, between 0.54 and 0.83 the packing signals (Hearing 1987) and lastly, 
after 9.7 mu, is a segment surrounding the gene of protein IX. For this reason these regions 
are maintained in pACCMV, in which only 3 kb have been eliminated from the E1 region to 
make room for the expression module, without preventing the normal replication of the virus 
in 293. 

Example 1 shows how to obtain recombinant adenoviruses containing ectopic DNA 
sequences that are transcribed in the sense mRNA or antisense mRNA of CYP450 
isoenzymes, such as CYP 1A1, CYP 1A2, CYP 2A6, CYP 2B6, CYP 2C8, CYP 2C9, CYP 
2C18, CYP 2C19, CYP 2D6, CYP 2E1, CYP 3A4, CYP 3A5 or GST(A1). These 
recombinant adenoviruses can be used to transform (infect or transfect) cells expressing 
reductase activity, for example, cells of hepatic origin such as HepG2I. 

One characteristic of the method provided by this invention lies in its versatility for 
generating singular cell models with specific phenotypes by only varying the concentrations 
of the expression vectors of the invention used to transform said cells. In fact, it is possible 
to obtain models that allow comparing the metabolism of a drug in a liver with 10 3A4 and 1 
2D6 with respect to another with 1 3A4 and 10 2D6, for example, by simply changing the 
types and amounts of expression vectors of the invention to be used to transform the cells. 
Tests conducted by the inventors have revealed that the response of this model is 
practically linear, this is, the greater the amount of expression vector of the invention the 
more activity is expressed, up to a limit (when cytopathic effects appear in the cells). 
Several tests have revealed that, depending on the expression vector of the invention used, 
up to about 300 CFU (colony forming units) there are no significant alterations in any other 
function of the cells (human hepatocytes) transformed by said vectors. 

Transformation of the cells with the expression vector of the invention can be 
performed by any conventional method for transferring DNA exogenous to a cell, such as 
infection or transfection, depending among other factors of the expression vector of the 
invention employed. In a specific embodiment, the expression vectors of the invention used 
are recombinant adenoviruses and the cells can be transformed by infection, for which the 
cells must be at 70% confluence. In short, the culture medium maintaining the cells is 
aspirated and the latter are washed with a base medium or saline buffer; two washes of 2 or 
3 ml each shall be performed. The amount of virus to be used may vary, according to the 
amount of activity desired to be expressed by the cells and their susceptibility. The 
adenovirus is diluted in the culture medium until the concentration reaches the range of 1 to 
50 MOI (multiplicity of infection). The volume of culture used to maintain the cells will 
depend on the size of the plate, the final infection volume will be reduced to % of the initial 
volume. The incubation time will be between 1 hour 30 minutes and 2 hours, at 37°C. The 
activity of the transgene in the infected cells can be detected after 24 hours, reaching a 
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maximum after 48 hours, depending on the cell used. The total maximum amount of virus 
that a specific cell will admit is limited. This amount is determined by adding increasingly 
large amounts of virus until apparent cytotoxic effects are observed (morphology, cell 
function). This allows establishing the maximum number of viral particles that a specific cell 
5 will tolerate. 

The expression vectors of the invention can be used to transform transitorily the 
cells expressing reductase activity. This transitory transformation will be designed a priori to 
obtain the desired balance of expression of Phase I and Phase II drug biotransformation 
enzyme, in order to limit individual variability (metabolic idiosyncrasy), especially marked in 
10 the CYP system of humans. The combined use of variable amounts of different expression 

vectors of the invention (for example, some could express a Phase I or Phase II drug 
biotransformation enzyme and other their anti-sense mRNA) permits the necessary 
modulation, being established a priori, taking as a limit the viral load tolerated by each cell 
system. 

15 Therefore, the invention constitutes a first approach based on the use of expression 

vectors, both sense and anti-sense, in a controlled manner, to modulate (increase or 
decrease) each of the Phase I or Phase II drug biotransformation enzyme in cells 
expressing reductase activity transformed by said vectors, so that these cells can reproduce 
at will a specific phenotype and provide an in vitro model for any conceivable human 

20 phenotypic profile, in a sample manner by only adding a controlled amount of expression 

vector to said cells. 

A considerable share of the problems arising in medicament use (unexpected 
undesirable effects, lack or excessive therapeutic activity for the same compound dose, 
etc.) are greatly due to the fact that humans do not metabolise drugs identically. Thus, the 

25 same dose can lead to different plasma levels in different individuals, and/or metabolise to 

give a different metabolite profile in different persons. It is often the case that because of the 
greater or lesser presence of a specific biotransformation enzyme, the hepatic metabolites 
produced (or their relative proportion) can be remarkably different. Occasionally, low levels 
of enzymes whose action results into production of low toxicity metabolite(s), is poorly 

30 expressed in a given individual, so that metabolism of the drug in this individual will follow 

alternative paths that may produce much more toxic metabolites which are a minority in 
other individuals. In other cases it can be the abnormally high presence of a given enzyme, 
minoritary in other individuals, that leads to the production of a more toxic metabolite. These 
differences (metabolic idiosyncrasy) are an added risk factor in the arduous task of making 

35 a molecule become a new medicament. The reason for this is simple: compounds that have 

not shown adverse effects in the first clinical assays may, when widening their use to a 
greater population, allowing entry of individuals with metabolic singularities, produce 
idiosyncratic toxicity effects that can cause the financial failure of the development. 
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The present invention allows manipulating at will the levels of the various drug 
biotransformation enzymes of a human cell, as occurs in humans, to study in the cell 
whether the singularity can be relevant in a generalised clinical use of a new compound. 

Therefore, in another aspect, the invention relates to the use of expression vectors 
(sense or anti-sense) of Phase I or Phase II drug biotransformation enzymes in the 
manipulation of cells, such as human and animal cells, including tumour cells, in order to 
reproduce in these cells the metabolic variability occurring in humans. Said vectors allow 
modifying at will the expression of a given enzyme without affecting the others. In this way it 
is possible to manipulate cells making them express the amounts of each enzyme desired 
(as viral vectors can be used alone or in combination), thereby simulating the variability that 
occurs in humans. The present invention allows studying and anticipating the possible 
relevance for a person of different expression levels of drug biotransformation enzyme 
when administering a new drug, before it is used in humans, thereby constituting an 
experimental singular cell model allowing to simulate or reproduce in vitro the variability 
existing in humans. In addition, the invention allows predicting the consequences of the 
different expression of drug biotransformation enzymes on the metabolism, 
pharmacokinetics and potential hepatotoxicity of a drug in process of development. 

In another aspect, the invention relates to a kit comprising one or more expression 
vectors coding for the sense and anti-sense mRNA of Phase I and Phase II drug 
biotransformation enzymes. This kit can be used to put in practice the method for obtaining 
a singular cell model capable of reproducing in vitro the metabolic idiosyncrasy of humans 
provided by this invention. 

EXAMPLE 1 
Generation of recombinant adenoviruses 

Cloning of various human biotransformation enzymes from an own human liver bank 

The strategy used for cloning human CYP biotransformation enzymes 1A1, CYP 
1A2, CYP 2A6, CYP 2B6, CYP 2C8, CYP 2C9, CYP 2C18, CYP 2C19, CYP 2D6, CYP 
2E1 , CYP 3A4, CYP 3A5 or GST(A1 ) was performing a high-fidelity RT-PCR on a library of 
human hepatic cDNA's using primer oligonucleotides that flank the sequences coding for 
such enzymes. 

The reaction mixture for reverse transcriptase (RT) consisted of 20 pj 1x reverse 
transcriptase buffer, DTT 10mM, dNTPs 500 jllM, 3 }iM primer oligo d(T), 14, 60 U Rnase 
OUT and 250 U Rtase H. To this mixture was added 1jag of total RNA. The reaction was 
performed for 60 minutes at 42°C, followed by heating for 5 minutes at 95°C and a quick 
cooling in ice. The cDNA was stored at -20°C until it was used. 

Primer oligonucleotides used 
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For each CYP two pairs of primer oligonucleotides flanking their coding sequence 
were designed. Each primer contains an additional sequence in the 5' end corresponding to 
a restriction site for a specific enzyme, wherein they will be cloned in the pACCMV vector 
[see Table 1]. 
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Table 1 

Primer oligonucleotides used to clone the genes 





Oligonucleotides 


Sequences 5' to 3' 


Fragments 


Melting 


Page 


5 






(pb) 


T(°C) 


no. 




CYP 1A1 FP 


cctccaggatccctacactgatc 










CYP 1A1 RP 


cccggatcccagatagcaaaac 








10 


CYP 1A2 FP 


gcaggtaccgttggtaaagatggcatt 


1596 


62.0 


M1433 
7 




CYP 1A2 RP 


agccatggaccggagtcttaccaccac 




60.8 








r-mn a atf ppsi trt rtnn f* rt r fi n n 
d ci itLrCi ly vty y l» w i wci y y 


1531 


64.0 


X1393 
0 


15 


CYP 2A6 RP 


ccgaattccagacctgcaccggcaca 








CYP 2B6 FP 


cagggatcccagaccaggaccatggaa 


1482 


62.7 


M2987 
4 




CYP 2B6 RP 


tttgggatccttccctcagccccttcag 










CYP 2C8 FP 


ggggtaccttcaatggaaccttttgtgg 


1515 




Y0049 
8 


20 


CYP 2C8 RP 


cccaagcttgcattcttcagacaggg 










CYP 2C9 RP 


ggaattcggcttcaatggattctcttgtgg 


1485 




M6185 
5 




CYP 2C9 FP 


cgtctagacttcttcagacaggaatgaa 








25 


CYP 2C18FP 


cccgaattcaccatgctggcctcagg 


1515 




M6185 
3 


CYP 2C18 RP 


ccgaattccagacctgcaccggcaca 










CYP 2C19 FP 


atgg atccttttgtggtcctt 






M6185 
4 




CYP2C19RP 


agcagccagaccatctgtg 








30 


CYP 2D6 FP 


ctaagggaacgacactcatcac 








CYP 2D6 RP 


ctcaccaggaaagcaaagacac 










CYP 2E1 FP 




1649 




J0262 
5 




CYP 2E1 RP 












CYP 3A4 FP 




1602 




M1890 


35 










7 


CYP 3A4 RP 












CYP 3A5 FP 


gttgaagaatccaagtggcgatggac 


1707 


58.3 


J0481 
3 




CYP 3A5 RP 


acagaatccttgaagaccaaagtagaa 




53.0 




40 


GST(A1) FP 


ccaggatcctgctatcatggcagagaa 


735 


50.9 


M2175 
8 




G$T(A1) RP 


tatggatcccaaaactttagaacattggtattg 




47.9 
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High Fidelity PCR 

The newly synthesised cDNA is used to conduct a conventional PCR. The PCR 
reaction was conducted in a thermocycler with the following reaction mixture: 3 pi of cDNA 
(1/10 RT), 3pl buffer (10x), 50pM dNTPs, 1 U total High Fidelity (Roche), 6 pM primer 
5 oligonucleotides and water to a final volume of 30 pi. The program used in the thermocycler 

consisted of: 

A) Initial denaturalisation: 3 minutes at 95°C 

10 B) 4 cycles of: 

a. - denaturalisation by cycles: 40 s at 95°C 

b. « ringing: 45 s at 58°C (different for each primer) 
c- final elongation : 5 minutes at 74°C 

15 C) 30 cycles (more specific) of: 

a. - denaturalisation by cycles: 40 s at 95°C 

b. - ringing 45 s at 62°C (different for each primer) 

c- followed by a final elongation of 5 minutes at 74°C. 

20 The product amplified by PCR was purified by column chromatography (High pure 

PCR product purification kit) and eluted by TE buffer. Then the PCR products were 
analysed by electrophoresis in 1 .5% agarose gel and visualised with ethidium bromide to 
confirm the sizes of the amplified cDNA's. 

25 Characterisation of the cloned genes. Digestions with restriction enzymes. Agarose gels. 

Sequentiation 

Prior to cloning the DNA was incubated with restriction enzymes in the buffer 
recommended by the manufacturer. A standard incubation mixture must include: 2 units of 
enzyme/jug of DNA, 10x buffer and distilled water. Occasionally, some enzymes require 100 
30 pg/ml BSA or are incubated at 25°C. 

Generation of pACCCMV recombinant plasmids 

Subcloning of cDNA fragments (insert) in a pACCMV vector (vector) was performed 
by ligation of cohesive ends with the same restriction enzyme. This strategy produces 
35 clones with a sense and anti-sense orientation. In addition to the ligation itself, it includes 

prior dephosphorilation steps of the vector ends to prevent their recircularisation, for which 
added to the previous tube were 2 pi of CIP (20-30 U/pl; Gibco BRL cat n° 18009019) and it 
was incubated for 20 minutes at 37°C. Then another 2 pi of CIP are added and it was 
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incubated for 20 minutes at 56°C. To inactivate the enzyme and stop the reaction it was 
incubated for 1 0 minutes at 75°C. 

Before ligation, the vector and the insert must be purified to eliminate remains of 
nucleotides, enzymes and buffers that may hinder the ligation. For this, the Geneaclean kit 
5 (Bio 101 cat n° 1001-200) is used to purify bands of a TAE-agarose gel (1% agarose in Tris- 

acetate 40 mM and EDTA 2 mM). 

After purifying both bands the following reaction mixture was prepared for ligation: 

2 jal vector (0.75 jig/jil) 
10 4 pJ insert (1 \igf\i\) 

1 \i\ T4 Ligase (1 U/jj.1) (Gibco BRL cat n° 15224-017) 
1.5 |il 10x buffer 

6.5 til water 

15.0 fil total 

15 

!n parallel, a control mixture without insert was prepared. After 2 hours at ambient 
temperature competing bacteria were transformed with the ligation mixtures. 

Ligation of cohesive ends was performed with the following reaction mixture: 
1 jil vector (0.5 \iglyi) 
20 4 jul insert (1 jug/nl) 

1 jlxI T4 Ligase (1 U/|xl) (Gibco BRL cat n° 15224-017) 
1.5 jxl 10x buffer 
1 0.0 [l\ water 

In parallel, a control mixture without insert was prepared. After 2 hours at ambient 
25 temperature competing bacteria were transformed with the ligation mixtures. 

Amplification of the plasmids in bacteria 

Bacteria were used that had been previously treated with cold CaCI 2 solutions and 
subjected for a very short time to 42°C to make them competing and receptive to the 

30 plasmid DNA: For this, 0.1-1 \ig cDNA were added (ligation) to 100 jul of competing 

bacteria, the mixture was left in ice for 30 minutes and it was incubated in 1 ml of S.O.C. 
medium (Gibco BRL cat n° 15544-0189). Then 100 p\ were transferred to an LB-agar 
medium plate with ampyciilin (100 ng/ml) and it was left overnight at 37°C. 

After this the bacteria were allowed to grow and they were used to amplify and purify 

35 the plasmid DNA by the procedure described hereinafter. An isolated colony of transformed 

bacteria is grown in 2-5 ml of LB medium with ampyciilin. Then it is centrifuged at 8,000 
rpm for 1 minute and the precipitate is resuspended in a lysis buffer (glucose 50 mM, Tris- 
HCI 25 mM, ph 8.0, EDTA and 4 mg/ml of lysozime). The suspension is left on ice for 5 
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minutes and it centrifuged at 10,000 rpm for 5 minutes. The supernatant is transferred to a 
clean tube, 500 p\ isopropanol are added and it is centrifuged at 15000 rpm for 10 minutes. 
The supernatant is removed and the residue is washed with 70% ethanol (v/v), dried and 
resuspended in a suitable volume of TE pH 7.5 (Tris 10 mM, EDTA 1 mM). 

After verifying the adequate colony with the restriction enzymes, the rest of the 
culture is transferred to a flask with 250 ml and it is grown overnight to amplify the plasmid. 

Conventional kits were used to purify the plasmid DNA of the bacteria culture 
(between 250 and 500 ml). 

Generation of the adenovirus. Co-transfection of pJM17 and pAC-CYP plasmids in 293 cells 
Co-transfection of the plasmids is performed in the 293 cell line, in which the 
recombinant virus generated by homologous recombination is able to replicate. 

Co-transfection of the plasmids was performed by the calcium phosphate method, 
using different proportions. For this several plates of 6 cm diameter are seeded at 50-60% 
confluence. The next day tubes are prepared containing the different plasmids and/or 
carriers as well as the controls, and the content of each tube is added dropwise to 50O pi of 
HBS 2X (Hepes 50 mM, NaCI 140 mM, KCI 5 mM, glucose 10 mM and Na 2 HP0 4 1 -4 mM 
adjusting to pH 7.15) and it is left for 20 minutes at ambient temperature. Then it is poured 
gently on the cell monolayer avoiding detachment, it is left for 15 minutes at ambient 
temperature, 4 ml of medium with serum are added, it is incubated in an oven at 37°C: for 4- 
6 hours, the medium is removed from the plates, 1 ml of medium without serum or 
antibiotics is added with 15% glycerol, 90 seconds are allowed to elapse and 5 ml PBS are 
added. Then it is washed twice with PBS to remove the glycerol completely, 5 ml of medium 
are added and it is stored in an oven, changing the medium every 3-4 days until cell lysis is 
observed. 

After the recombination process occurs the virus will replicate in the 293 cells, 
managing to produce lysis in them (from 2 to 6 days). Then the virus is cloned, for which in 
plates covered with semisolid agar seriated 1/10-1/100 dilutions of the virus to be cloned 
are prepared in DMEM and 0.5 ml of each dilution are added to a 6 cm diameter plate with 
293 cells, and the cells are incubated in an oven at 37°C for 1 hour, shaking them for every 
15 minutes. Then the medium is removed and the monolayer is covered with 6 ml of a 
mixture of agar 1.3% MEM 2x (1:1 v/v) previously heated to 45°C and it is incubated in an 
oven at 37°C. After 7-9 days bald patches are visible, or areas in which the 293 cell 
monolayer is altered. These bald patches are selected and amplified in new plates of 293 
cells. 

Adenovirus purification by precipitation with PEG8000 

A stock of pure virus was prepared by centrifugation in a CsCI gradient (method A) 
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and, alternatively, using polyethylene glycol (method B), a simple method yielding similar 
results. 

Method A 

5 When the 293 cells undergo lysis the supernatant is removed and they are collected 

in PBS with MgCI 2 1 mM, and 0.1% Nonidet p40. 

Method B 

In this case the cells have already undergone lysis and thus it is not possible to 
10 remove the medium. Nonidet p40 is added until it is left at 0.1%. It is then shaken for 10 

minutes at ambient temperature and centrifuged at 20,000g for 10 minutes. The 
supernatant is transferred to a clean tube and 0.5V are added of 20% PEG-8000/NaCI 
2.5M, and it is incubated with shaking for 1 hour at 4°C. It is then centrifuged at 12,00Og for 
10 minutes and the precipitate is resuspended in 1/100 to 1/50 of the initial medium volume 
15 in the following buffer: NaCI 135 mM, KCI 5 mM, MgCI 2 1 mM and Tris-HCI 10 mM pH 7.4. 

Then it was dialysed overnight at 4°C with the same buffer and filtered through a 0.22 ^m 
filter to sterilise the stock. Finally, aliquots were obtained and conserved at ~70°C with 100 
ng/ml de BSA. 

Following the above procedure, recombinant adenoviruses were generated 
20 containing the DNA sequences coding for the CYP biotransformation enzymes CYP 1A1, 

CYP 1A2, CYP 2A6, CYP 2B6, CYP 2C8, CYP 2C9, CYP 2C18, CYP 2C19, CYP 2D6, 
CYP 2E1, CYP 3A4, CYP 3A5 or GST(A1). These recombinant adenoviruses (expression 
vectors of the invention) were named with the prefix "Ad" (adenovirus) followed by the name 
of the enzyme, this is, Ad-1A1, Ad-1A2, Ad-2A6, Ad-2B6, Ad-2C8, Ad-2C9, Ad-2C18, Ad- 
25 2C1 9, Ad-2D6, Ad-2E1 , Ad-3A4, Ad-3A5 and Ad-GST(A1 ) respectively. 



EXAMPLE 2 

Transformation of cells expressing C reductase cytochrome activity with 
30 recombinant adenoviruses 

The recombinant adenoviruses obtained in Example 1 [Ad-1A1, Ad-1A2, Ad-2A6, 
Ad-2B6, Ad-2C8, Ad-2C9, Ad-2C18, Ad-2C19, Ad-2D6, Ad-2E1, Ad-3A4, Ad-3A5 and Ad- 
GST(A1)] were used to transform HepG2l cells by infection. 

The culture medium containing a culture of HepG2l cells at 70% confluence was 
35 aspirated. The cells were washed twice with 2-3 ml of base medium or saline buffer each 

time. The amount of virus used was varied widely in order to generate a singular cell model 
encompassing a wide spectrum of human metabolic variability. The adenoviruses were 
diluted in the culture medium until reaching a concentration from 1 to 50 MOI. The volume 
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of medium used to maintain the cells depends on the plate size, the final infection volume 
will be reduced to % of the usual volume. The incubation time was kept from 1 hour 30 
minutes to 2 hours at 37°C. The activity of the transgene in the infected cells can be 
detected after 24 hours, reaching a maximum after 48 hours, depending on the cell used. 
5 The maximum amount of total viruses admitted by a given cell is limited. To determine this 

amount increasingly large amounts of virus are added until apparent cytotoxic effects 
(morphology, cell function) are observed In this way it has been possible to establish the 
maximum number of viral particles tolerated by a given cell. 

Figures 2 and 3 show specific examples of how it is possible to modify at will the 
10 expression of human enzymes relevant to drug metabolism. Specifically, Figure 2 shows 

the increase of mRNA in HepG2l cells infected with various clones of Ad- 2E1, while Figure 
3 shows the increased activity in HepG2l cells infected with various concentrations of Ad- 
3A4 and incubated with testosterone. 
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